This paper discusses the benefits and threats of promoting and reinforcing a research-based education environment to STEM undergraduate students. The paper explores the rationale for research-based education as a pedagogical driven approach, where undergraduate students learn through enquiry and discovery.
Introduction
The training of STEM (Science, Technology, Engineering and Mathematics) professionals require the development of well qualified experts in their subject fields who are able to respond to the constant demands of the workforce both in industry or academia. STEM education has therefore the objective to equip students with the knowledge, skills, attitudes and competencies that will enable them to cope with the uncertainty of the knowledge society. A vast body of literature and reports in engineering education, for example, has pointed out the challenges for training the future engineers (Sheppard et al. 2008; Engineering 2005 ) and the importance of investing on quality teaching and learning and on scholarship for achieving this goal (Stice et al. 2000; Wankat et al. 2002; Froyd, Wankat, and Smith 2012; Streveler and Smith 2006) . De Graff and Ravesteijn (2001) refer to the needs of modern society and the engineering profession for having more 'complete engineers', referred by the authors as engineers with sophisticated and practical knowledge of 'technology and society ' (p. 420) . For institutions and academics this has meant they have had to respond with designing programmes of study that also cover non-technical subjects such as social skills. Future STEM professionals are also required to demonstrate analytic and synthesizing capabilities, to be critical thinkers and to autonomously find solutions for the daily problems. We believe that educating the future generation of STEM professionals will include the holistic training of both technical and non-technical knowledge and skills in an environment that is student centred and where students learn through research, enquiry and discovery.
In this paper we advocate the importance of creating a research-based education environment where academics and students teach and learn through enquiry and research. This teaching and learning approach has been perceived as beneficial for promoting students' learning, interest and motivation in STEM disciplines (Wallin, Adawi, and Gold 2017; Bubou, Offor, and Bappa 2016; Hoskisson, Aldridge, and Bowater 2015; Weaver, Russell, and Wink 2008) . A recent study by Rodenbusch et al. (2016) points to the long-term undergraduate student gains that result from early engagement in research experiences during their undergraduate courses, denominated as course-based-research. The authors present the benefits for students and institutions alike in terms of 'increasing students' graduating with a STEM degree and graduating within 6 years', regardless of 'students' gender, race/ethnicity, and first-generation in college status' (Rodenbusch et al. 2016, 7) . Learning in a research environment where first year students engage in courses related to research methods and course-based research, with associated credits, has proved to be better than later research internships.
Students begin to construct knowledge that is new to them, building an understanding of what it means to be a researcher, and finding solutions for problems. This paper starts by presenting a definition of the research-based education model and the teaching and learning approaches that can be used under such a model. This first part of the paper offers a theoretical framework that will be used to analyse the data that emerge from the empirical study. The paper also discusses how such a model can be challenging for academics in a university environment where there is a growing pressure for high quality teaching and research. Finally, the paper concludes with final considerations and recommendations aimed to raise the research-based environment of STEM Faculties or Departments. The recommendations were elaborated based on the data findings and on the literature review.
Research-based education: the rationale
The model explored in this paper sets the foundation for restructuring the pedagogical approach to teaching and learning in modern universities. The research-based education model is shaped by the Humboldt ideal of a university where research and teaching takes place side by side, and by Newman's ideal of useful and liberal knowledge where students are guided/supported to be a community of thinkers, able to 'think and to reason and to compare and to discriminate and to analyse' (Newman 2010, 256) . The model is also shaped by European studies conducted by Griffiths (2004 ), Healey (2005 , Healey and Healey (2013) , Visser-Wijnveen (2013) , and US studies conducted by Rodenbusch et al. (2016) , Auchincloss et al. (2014) , and Lopatto and Tobias (2010) .
Bringing teaching and research closely together is an ideal that originates from German universities in the early nineteenth-century. This ideal was led by the philosopher Humboldt, who believed the pursuit of (new) knowledge should be conducted by both academics and students, who would work side by side as coresearchers. This approach to knowledge construction takes place in a learning environment where research and inquiry inform teaching and vice versa. The Humboldt ideal of a research-based education is based on students' 'disinterested search of truth' (Haverhals 2007, 424) through the cultivation of 'pure' academic inquiry. This process of discovery was perceived as an end in itself, as a 'training of intellect' (Haverhals 2007) , without a focus on the 'practical' activities (Renaut 1995) , and without therefore being immediately 'useful' (Newman 2010) . By engaging in the process of 'pure' inquiry individuals were educated to construct knowledge that would sustain the 'transformation of society from below and from within' (Haverhals 2007, 423) , thereby serving the purpose of shaping individuals' character formation, and contributing to their holistic education as critical thinkers and responsible citizens.
In European post-modern universities, research and inquiry are not necessarily the same as in Humboldt's concept of a modern university. Research active academics are not always interested to spend time and effort in pedagogical innovations. In a Report produced for the National Research Council Board of Science Education, Fairweather (Fairweather 2008) refers to the resistance of STEM academics to adopting more effective teaching strategies. This derives, according to the author, from the perception STEM academics have that the teaching process is at odds with the research process, and that research is more interesting and more valued at their institutions.
Barnett suggests there are many pressures that are pulling research and teaching apart; 'the twentieth century saw the university change from a site in which teaching and research stood in a reasonably comfortable relationship with each other to one in which they became mutually antagonistic ' (2003, 157) . Several authors (Brew 1999; Jenkins and Healey 2009; Jenkins 2004) suggest that research and teaching are not contradictory roles and should not be seen as such in more teaching or research-oriented universities in the UK. However, there are tensions that need to be overcome by institutions in order to foster links and not creating a 'false' marriage between research and teaching.
The research-based education model is represented in Figure 1 . Knowledge construction, which includes the process of knowledge acquisition, reproduction and production, encompasses the principles of assimilation and accommodation explored by Piaget (1976) . Undergraduate students begin to assimilate knowledge that is new to them; however, cognitive change and learning only take place when the knowledge that they assimilate is connected to previous knowledge, shaped by social interactions and experiences, and leads to a phase of perturbation and accommodation that is necessary for learning to take place. The cognitive developmental perspective emphasises that students should engage in discussion in which the cognitive conflict-perturbation phase is resolved and inadequate reasoning is modified, leading to a phase of accommodation (Piaget 1976) . with each other in a social context and that the knowledge they construct is deeply influenced by the surrounding environment (Glasersfeld 1988 (Glasersfeld , 1995 Piaget 1976; Kozulin 2003) . Following this theoretical concept, research-based education creates an environment that facilitates a culture where students learn by enquiring and searching for answers and solutions for problems in collaboration with others. This environment changes not only students, but also academics' conception of what is learning and teaching. Understanding the relevance of such an environment can be underlined by the thinking of Ceccato (as cited in Glasersfeld 1998, 28) , the Italian pioneer of conceptual analysis, when he wrote that:
'The important thing is to show the child (and nothing changes if we substitute 'the student') the direction in which to go, to teach him to find his own path, to retrace it, and to continue it. Only in this way will he be able to assume a scientific attitude with which he can approach also the things of the mind.'
Students are constructing knowledge in a specific subject and they are also learning how to learn. Consequently, students are educated to become critical thinkers, lifelong learners, to acquire and reproduce knowledge that is new to themselves, and to progressively contribute to the creation of knowledge that may lead to enriching the knowledge of a disciplines(s). Following Newman's and Humboldt's philosophical thoughts, knowledge construction should not merely be seen as fulfilling the external purposes addressing the immediate needs of the economy, but as part of the development of an individual and contributing to their development as critical thinkers and agents of change in society. The purpose of research-based education is therefore important for the achievement of these goals. In this approach to education, academics can adapt different teaching approaches, which can be divided into research-led teaching and research-based teaching.
Approaches to teaching and students' learning in a research-based education environment
The research-led and research-based approaches to teaching presented in Figure 1 were initiated and then explored by Griffiths (2004) , Healey (2005) , Jenkins, Healey, and Zetter (2007) and Healey and Jenkins (2009) . Research-led teaching occurs when academics use their expertise as active researchers or use the research of others to inform teaching, whilst their own research ideas and approaches are stimulated and sharpened through interactions with the students. The curriculum is structured around subject content and is based on the academics' research interests. This occurs by exposing students to research ideas and approaches, stimulating debate and provoking questions. Students can be either passive, by listening to the lecturer, or active, through participating in the discussions. Some research skills can also be developed, such as the ability to be involved in theoretical reflections/ discussions, and also the ability to make decisions and to justify options/perspectives. Academics can simultaneous deliver subject content, whilst facilitating and moderating a discussion. Academics do not need to be active researchers or be performing cutting edge research but they do need to be engaged in a scholarly manner within their disciplinary field.
Research-based teaching occurs when academics plan, deliver and assess students' work through their involvement in research or inquiry-based activities. The curriculum is therefore structured around these activities. Students learn about research processes or learn through project oriented problems by developing research skills, such as the ability to critically analyse and reflect, to organise and plan, and to gather and analyse data. Consequently, academics act as supervisors, research tutors and research mentors.
These two approaches to teaching imply that students are constructing not only knowledge within a specific disciplinary field but also by developing a set of transferable skills, which will allow them to cope with the uncertainties of the knowledge society. Learning in a research-based education environment can help students to become more independent, autonomous and critical learners, who are able to succeed in a 'transdisciplinary world of learning' (Jackson and Ward 2004) and are prepared to adapt to new employment conditions and potential career shifts. This is in line with the 'Europe 2020 strategy' (Theodoropoulou 2010) , which refers to the need for a strong European skilled workforce that should not only possess sustained knowledge in a specific disciplinary/scientific field but also a set of transferable skills that support sustainable growth. These competencies should start to be developed during the early educational stages and be strongly developed at the university level.
Learning in this environment contributes to the development of higher level cognitive skills and increases the responsibility for the students' own learning. Students start constructing knowledge that is new to themselves and develop skills that will bring them from the level of novice to expert learners (Dreyfus 2004) . The objective of teaching is therefore supporting students to start thinking like expert scientists or engineers (Felder and Brent 2004) . Academics can bring the basic principles of research (pure or applied) -for example, the process of discovery, the questioning of existing knowledge and the formulation of hypotheses -into their teaching by developing pedagogical strategies that are specifically designed to guide students to questioning their own knowledge and allow them to move into more complex stages of the learning development. By learning through enquiry and research, students move from a stage of 'absolute knowing' (Magolda 1992) , where they memorise and repeat knowledge, to a 'contextual knowing'. In this phase of intellectual development students recognise their contribution to knowledge and are able to judge and enquire new knowledge.
Setting the Scene
The case study is a STEM Faculty of a post 92 university situated in Southern England.
These universities, often denominated in the UK as post 92, were formerly polytechnics that converted to universities through the Further and Higher Education Act of 1992 (FHE, 1992) . Despite the differences between these universities and more traditional universities, in terms of their mission and managerial procedures (Kok et al. 2010) , there is one aspect we wish to highlight for the purpose of this paper, the academic identity of staff.
Macfarlane and Hughes argue that 'the teaching function, rather than research, is central to the academic identity at post-1992 universities ' (2009, 9) . Academics in these universities have been traditionally more oriented towards teaching related activities, and consequently have a heavier teaching workload. Nevertheless, the institution in this case study has undergone a considerable number of transformations, particularly in terms of its mission, the role of academic contracts, and career progression. A considerable number of academics have been hired on teaching and research-based roles, with new contracts being offered to staff with PhDs and considerable research experience. The majority of full time staff employed by the university have a focus on teaching and research (Table 1) , and very few staff have solely research based contracts. The high number of hourly paid lecturers (HPLs) whose primary function is teaching remained quite high in 2014, although this situation is progressively changing. This aspect is further developed in data findings and discussion section. 
Methodology
This project follows an exploratory case-study design (Yin 1994) with an interpretative approach in order to address the two main research questions: (i) how is the research and teaching environment of a STEM Faculty engaging students to learn in a researchbased education environment?; and (ii) how are academics bringing their expertise/experience as researchers to develop pedagogical strategies that reinforce students' learning?
These research questions follow two theoretical propositions:
 Proposition 1: Research-based education is a valuable model to develop students' construction of knowledge, skills and attitudes, which will enable students to succeed in their studies and to cope with the uncertainty of a knowledge society (Rodenbusch et al. 2016; Brew 2010 ).
 Proposition 2: A strongly linked teaching and research culture leads to more motivated academics who can use their expertise/experience as researchers to add value to their students' education (Hajdarpasic, Brew, and Popenici 2013) .
The case study represents a STEM Faculty of a post 92 University and the units of analysis are academics (n=9) and Heads of School (n=4) from STEM disciplinary areas, and senior managers of the institution (n=3). The study followed a purposive sampling protocol to select academics that are research active in STEM disciplines. The study included five women and eleven men, with ages ranging from twenty-eight to fiftyeight, and positions ranging from lecturer to full professor. (Lee 2004, 9) The script of the interviews for the Heads of School and senior managers included questions related to the research and teaching environment culture of the School, Faculty or Institution, how the link between teaching and research is empowering students' learning (knowledge in a specific disciplinary field and the development of transferable skills), and the suggested institutional or school initiatives/actions that could be put in place to align the links between teaching and research.
The script of the focus groups for academics included questions related to their own practice. The objective here was to understand if research-oriented academics were using their research expertise to develop pedagogical strategies that were sustained in a research-based or research-led teaching approach.
The raw data was analysed through a thematic analysis (Braun & Clarke, 2006) using the software Nvivo 10 ® , and the interviews were recorded with the consent of the participants and transcribed verbatim in order to facilitate the coding process. The first stage of the coding process followed a structural and initial coding exercise which allowed the first categorisation of the data corpus. During this process we identified large segments of texts on different topics (represented in the Nvivo 10 ® tree as the parent nodes). The second stage was to code each segment of data in more detail (Saldana 2009 ), and new codes emerged which formed the basis for the in-depth analysis. Two or more codes could be applied to the same passage of text as the data content can suggest multiple meanings that justify the use of more than one code.
Simultaneous coding (Saldana 2009 ) is appropriate because 'social interaction does not occur in neat, isolated units' (Glesne and Peshkin 1992, 130) . Document analysis consisted of identifying statements highlighting the institutional strategy for boosting a university research-based teaching environment and/or bringing research and teaching more closely together in the Faculties or Schools.
The interviews were conducted between March and May 2014 and the documentary analysis was performed at the end of 2015.
Data Findings and Discussion
The findings are organised based on the research questions posed, and data are triangulated according to the different data sources: individual interviews, focus-groups and documents.
Research question one: How is the research and teaching environment of a
Faculty engaging students to learn in a research-based education environment?
Faculty reinforcement of research-based education
The These actions had an impact on the type of academic contracts. The trend is now to hire STEM academics who are actively engaged in both teaching and research. Although the number of HPL contracts remained quite high in 2014 (see Table 1 ), the most recent data available (April 2016) points towards the tendency to have more staff on teaching and research contracts and less on teaching only contracts.
The three senior managers revealed an ideology for creating an institution where students and academics work side by side in a research-based education environment.
They believe that students and academics learn much more in such an environment.
Senior managers highlighted one initiative to bring students and staff as partners in  There is a staff-student scheme that provides the opportunity for undergraduate students and staff to work as partners in educational research with the purpose of enhancing Black and Minority Ethnic (BME) students' learning experience whilst at university.
There is also a focus on the Engineering School to develop more applied research projects in collaboration with industry. According to the Head of School B, students and staff both gain through these collaborations. Links with industry, which are very strongly supported by the Faculty, will allow students to solve real problems and to undertake research on the best solutions to solve problems put forward by industry.
Impact of the research environment for quality teaching, students' learning and motivation
The research environment in the Faculty is perceived by all the three groups of participants (individual academics, Heads of School and senior managers), as being beneficial for teaching, but for most of the academics there was no clear evidence of how the research environment benefits undergraduate students´ learning or the quality of the teaching. This data is in agreement with the findings of other studies which suggest there is not a direct link between a researcher who develops cutting edge research and quality teaching (Hattie and Marsh 1996; Gibbs and Habeshaw 2002) .
Quality research does not necessarily have an impact on the quality of teaching and as mentioned by six academics, the 'quality of the delivery' is far more important:
"I think that teaching is definitely better with research, but I still think it depends on the quality of delivery." (Academic C) "You could be saving the world but actually teaching doesn't benefit from it (…). I don't care what your research is, if you cannot convey that message that's where everything collapses." (Academic G)
The three groups of participants believed that students feel more motivated and engaged in their activities when exposed to a research environment that brings them 'on board'
with what is happening in terms of research. In contrast, the opportunity to bring research and teaching together helps academics to better conciliate what can often seem like two totally separate roles, that of teacher and researcher. Academics who have the opportunity to bring their research into the classroom and engage students in discussions (research-led teaching) reported higher levels of satisfaction and motivation for teaching, with some citing extraordinary research productivity. Teaching satisfaction is therefore fostered by their interest and motivation for research, as mentioned by two academics:
"I believe a colleague who engages in research will be passionate to teach/transmit that to the students. Being an active researcher will motivate him to teach as well. So teaching and research needs definitely to be linked and I don´t perceive the role of an academic in HE to be different." (Academic C) "I teach X, I have done research on that, it's much easier for me, I know what I am talking about, I have much more confidence. I think I can be more enthusiastic, I can change and keep adding things (…) they ask me something I know it, instead of saying I read in book written by Lawton in 1989." (Academic D)
Ultimately, a research-based education model places research and inquiry at the centre of teaching and learning, contributing to both students and academics' motivation and engagement. As Breen et al. (2003, p.x) highlighted:
'(…) involving students in inquiry -in research -is a way of improving their learning, motivating them more. After all, what motivates large numbers of academics is engaging in the excitement of research. Bringing research and teaching together is a way of enhancing the motivation of both academics and students.'
Research question two: How are academics bringing their expertise/experience as researchers to develop pedagogical strategies that reinforce learning in a research-based educational model?
Research and teaching conceptions
The individual academics in this research agreed that students should learn in a research environment. In spite of the advantages of learning in a research environment, the academics believed that this is really only possible in the last year of undergraduate courses and is more evident in Masters programmes. The definition of research was perceived by most (7/9) as the process of knowledge creation, contributing to the advancement of science (pure research), or industry/society (applied research). The majority of the academics, with the exception of one, admitted that undergraduate students learn through inquiry ('active learning') and not via the research processes.
Their conception of research is clearly aligned with the classic definition of research, which points towards a systematic investigative process employed to increase or revise current knowledge by discovering new facts. This is also aligned with the 'layer view' concept of research proposed by Breen et al. (2003) , where the focus of research is on the data containing ideas together with (linked to) hidden meanings.
Research is interpreted as the process of discovering, uncovering or creating underlying meaning, and for most of the academics this is not possible to achieve with first or second year students, and is more difficult to achieve in the context of a post 92 university that receives students with low expectations concerning pursuing postgraduate research studies. By conceiving research in this way, this group of academics believe that they succeed in engaging students to learn in an inquiry environment in year three, when students are engaged in developing final year projects.
Most of these projects are applied research projects that students develop in collaboration with the academics. Some of these projects involve research techniques or skills that are now starting to be developed in previous years, but the focus is not on the research methods but on the practical outcome of the project. Three academics perceived teaching as a process of delivery that needs to be informed by research, as presented in the section above. Good teachers are those who are able to pass/deliver their message, and this ability shapes a more or less effective teacher. This approach to teaching is highly aligned to the approach identified by Trigwell, Prosser, and Taylor (1994) ; a teacher-focused strategy with the intention that students acquire the concepts of the discipline. Nevertheless, four academics perceive teaching as a process of facilitating learning, which is more aligned to Trigwell, Prosser, and Taylor's (1994) alternative approach; a student-focused strategy aimed at students developing their conceptions. In this latter approach teachers are more focused on 'what the student is doing and learning than what the teacher is doing or covering' (Trigwell, Prosser, and Waterhouse 2007, 58) . One example of a research-based approach to teaching was:
Research-based and research-led teaching approaches
"When our students do their projects in their third year, we have a very strong philosophy that it is their project and they define it, and we will give them advice as to whether it is a sensible sort of thing to try and do.
But we don't come up with a list of projects (…). So having ideas seems to be quite important." (Academic F)
Research-led teaching approaches were only referred to twelve times. These were related to inviting guest speakers -industry experts, PhD students or researchers, to talk about their research findings with relevant impact for the subject being taught. Students were invited to discuss the research findings and make links to the work being done in the course. Two examples of research-led teaching approaches are presented below:
"(..) it's called a Nourish transfer partnership (…) I was able to invite people from the company to actually lecture students, it's just a short lecture but again it puts them into the right area. They get to hear directly from what is happening there, which they find very motivational." (Academic A) "A good example is one colleague who has been doing very recent research related to the buildings that suffered damaged in the floods. He brings the data to the class so students can use that data to work in their own projects (…) at a later stage in the labs." (Senior Manager A)
Interestingly, many of the twelve examples provided by the academics were again linked to postgraduate programmes. This aligns with previous studies that suggest that the research and teaching relationship is stronger at the postgraduate than undergraduate level (Smeby 1998; Zaman 2004) . The data findings point towards the predominance of teaching approaches that are linked to the curriculum design of many of the Faculty courses, namely the development of final year projects.
Threats
The threats identified in this study are linked to situational and dispositional factors (Heider, 1958) , rather than disciplinary differences, and these factors shape academics' behaviour towards the development of a research-based education model as discussed above.
Two Heads of Schools criticised how the institutional discourse is not always easy to implement or to succeed in practice. The problems highlighted related to the lack of resources, particularly in terms of staff-student ratios: The academics in this study did not perceive a fragmentation of research and teaching as advocated by previous studies (Smith and Rust 2011) , but there was tension and concerns that were strongly influenced by the student-staff ratio, administrative and teaching workloads, and the lack of time for conducting both teaching and research effectively. Time was a key word in this study, as it was referred to 80 times during the focus-groups. The lack of time or the need for more time seems to be present in most of the academics' discourse, and this finding is in agreement with a previous study conducted by Pan, Cotton, and Murray (2014) . Our findings reveal that STEM staff perceive teaching and research as equally important, and agreed that both activities should equally count for career progression, but all agreed research is still the most important activity for academic prestige and recognition. Four academics (4/9), would like to spend more time in research than teaching. This behavioural pattern, as suggested by Fairweather (2008) and Leslie ( 2002) , holds true even when faculty members express a deep commitment to teaching and to their students. Nevertheless, this group of active researchers is certainly a good example of how academics bring their expertise as researchers to engage students to learn in a researchbased environment.
Study limitations

Final Considerations and Recommendations
This study, although exploratory in nature, provides a good understanding of how the research environment in a Faculty, as shaped by institutional policies, can foster a research-based educational model. There was clear evidence of a strong institutional commitment to raise the University's research and teaching quality profile, with the objective of boosting a research-based teaching culture. All the interviewees agreed that engaging students to learn in a research environment would be a good model to develop students' construction of knowledge, skills and attitudes, which will enable students to cope with the uncertainty of the knowledge society (proposition 1), and that a strongly linked teaching and research environment culture leads to more motivated academics who can use their expertise/experience as researchers to add value to their students' education (proposition 2).
The institutional mission and vision of this particular institution will be the changing agent for modelling the 'habitus' (Bourdieu 1984) where academics and students operate, and the identity of academics will be shaped by this environment.
According to Clegg (2008) , academics have the ability to shape their own identities as a result of institutional influences.
This research has highlighted the limited involvement students have in learning in a research-based education environment during the early stages of their undergraduate programmes, which reinforces the findings from previous studies (Smeby 1998; Zaman 2004) . The majority of individual academics, with exception of one, believed that undergraduate students do not know what research is really about and have no idea how to be involved in research activities. Their conception of researchbased or research-led teaching is still much associated to the traditional definition of research: construction of new or applied knowledge. For most of the interviewees it is not perceived as a pedagogical approach to help students to learn in an enquiry or discovery mode, supporting students to develop research competencies that will facilitate their own learning process. According to five academics (5/9), students perceive research with the same lens: it represents an intangible reality intended for researchers or postgraduate students.
The successful development of a research-based education model needs to be discussed at the level of curriculum design with the course directors, individual academics, students, and when appropriate, with other stakeholders, such as professional bodies, industry or public sector organisations. A more flexible curriculum approach is needed if this particular institution wants to create course-based research (Corwin, Graham, and Dolan 2015) , where discovery begins in the early years of undergraduate programmes.
Finally, the relationship between teaching and research can be shaped and differentiated by institution mission and strategies, the type of academic contracts offered, the level of teaching, and the nature of the disciplines (Zubrick, Reid, and Rossiter 2001; Leslie 2002) , as well as by international or national educational policies (Brew 2010) . These situational factors, alongside dispositional factors such individual personalities, intrinsic motivation, feelings, moods, and teaching and research abilities, can create the necessary conditions for the engagement or disengagement of academics in a particular approach to teaching. The threats identified in this paper, particularly in terms of the heavy teaching workload, the staff-student ratios and the perceived value of research for academic prestige and promotion shadow the motivation of academics for spending time in preparing research-based pedagogical activities. The time that could be allocated to these actions are in fact spent on teaching-related administrative work, meetings and engagement in pure or applied research. The perceived value of engaging STEM students in a research-based model is fundamental for training students to become self-regulated learners, critical thinkers and to pursue answers to a given problem.
Recommendations
The rationale and the data presented in this paper points towards a set of actions that can be implemented by STEM Departments or Faculties to boost, since early stages of undergraduate studies, a research-based education model. These actions are targeted against institutional policies (action 1 and 2), research and teaching culture (action 3) and pedagogic development (action 4).
Action 1: Ensure effective institutional policies to reinforce synergies between units, committees and structures for teaching and research
Institutional policies must guarantee a more effective communication between education and research committees. The institution needs to embed in both the teaching and research strategies clear guidelines for embracing a research-based education model at all levels of study and both committees should convene, once every year, to discuss institutional priorities for next year. Institutional policies must guarantee planning and review processes that ensure the curriculum is shaped by this approach to teaching. All degree programmes should offer a coherent and progressive programme in learning how to do research in the discipline, leading to final year projects or dissertations, requiring significant research-related activities from the student.
Institutional mechanisms should be created to reward best practice. This could be achieved by providing incentives and rewards for academic staff to support undergraduate research and inquiry, particularly through workload planning (e.g. the appraisals should include a clear strategy on how academics are developing teaching strategies to engage students to learn in a research environment); institutional and departmental recruitment; criteria for appointment; performance review; or promotion processes.
Action 2: Ensure institutional policies to guarantee effective management of academics' 'time' and staff-student ratios
Institutional policies must take into account the time needed to conceptualise, plan, and deliver research-based/led teaching approaches. Rather than asking academics to do more, institutions should consider how they can support academics within the time they have or by allowing them to buy extra time in certain circumstances. This might mean recruiting more staff to meet staff/student ratios. In particular, institutions should: 
Action 4: Provide pedagogic support to academics
The pedagogic support plays a crucial role on preparing academics to design teaching strategies that are truly reinforcing students to learn in a research or inquiry environment. Data findings from this study indicate academics perceive research as the construction of new or applied knowledge that can only be conducted by students who are in the last year of undergraduate programmes or registered on postgraduate programmes. The objective is therefore to train academics to develop learning and teaching strategies that are sustained in research-led or research-based approaches since early stages. It is important to create spaces for formal and informal discussion and interaction (e.g. workshops or seminars) where academics can discuss these approaches to teaching without being 'judged' by their practice, but rather supported by more experienced colleagues. Teaching should not be just seen as content delivery but also as engaging students in more active learning approaches by looking and selecting information, putting forward questions or being able to solve problems in a more autonomous way. In summary, the pedagogic training should address the following objectives:
 Raise awareness of the research-based education model, the advantages for students' learning and threats;
 Discuss the impact of such a model for the university and staff involved;  Explore and reflect on different teaching and learning strategies. For example, (i) incorporating learning activities that promote discussion about research outcomes and methods; (ii) incorporating a 'thinking aloud' session on problems that arise from reading a paper or book chapter; or (iii) fostering the search and selection of information instead of giving students a comprehensive list of bibliography.
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